
Docket No.: M4065.0223/P223 
Micron No.: 99-0506 


IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
APPLICATION FOR U.S. LETTERS PATENT 

Tide: 

BACKEND METALLIZATION METHOD 
AND DEVICE OBTAINED THEREFROM 

Inventor: 
Chih-Chen CHO 


Dickstein Shapiro Morin 

& Oshinsky LLP 
2101 L Street NW 
Washington, DC 20037-1526 
(202) 785-9700 


_j_ Docket No.: M4065.0223/P223 

* " ' Micron No.: 99-0506 

BACKEND METALLIZATION METHOD AND 
DEVICE OBTAINED THEREFROM 

FIELD OF THE INVENTION 

The present invention relates to the fabrication of semiconductor devices. 
More particularly, the present invention relates to the backend metallization process 
used in the formation of semiconductor devices. 

BACKGROUND OF THE INVENTION 

There are a variety of semiconductor device types, one particular 
semiconductor device being a semiconductor memory device, such as random access 
memory (RAM) device. Known types of RAM devices include static random access 
memory (SRAM) devices and dynamic random access memory (DRAM) devices. A 
DRAM device contains an array of individual memory cells. Each cell includes an 
integrated circuit on a substrate and conductive material for electrically connecting the 
cell to other structures of a memory circuit. 

With reference to FIG. 1, one conventional method for depositing 
conductive material for backend metallization, is a single Damascene method. FIG. I 
shows a simplified single Damascene method for forming a metallization connection to 
a substrate. It includes depositing a non-conductive layer of material 20, e.g. 
borophosphosilicate glass (BPSG), on a substrate 24 and pattern etching an opening 
wdthin the material 20. A conductor, e.g. a metal or a doped polysiUcon, is deposited 
over the material 20, thereby filling in the opening and providing a covering layer on 
the material 20. Chemical-mechanical polishing of the conductor removes the layer of 
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conductor on the material 20, leaving a conductive plug M^. The conductive plug 
is positioned on a doped region 22 provided in the substrate 24. An additional layer of 
non-conducting material 20, e.g. BPSG, is then deposited over the conductive plug 
and the previously deposited material 20. A via 21 is then etched in the material 20 
above the conductive plug Mj. A conductive barrier material 12 is then deposited 
within the via 21 and over the additional material 20. Then another conductive layer 
16 is deposited over the barrier layer 12, thereby completing an electrical connection 
between conductive layer 16 and doped region 20. 

Vias 21 may be formed with a positive overlap (the conductive plug Mj is of 
a greater diameter than the via 21), a zero overlap (the conductive plug Mi and the via 
21 are the same diameter), or a negative overlap (the conductive plug has a smaller 
diameter than the via 21). In FIG. 1, a negative overlap is shown. Because of the 
decreasing sizes of semiconductor devices, zero overlaps and negative overlaps are 
becoming more prevalent. 

The conductive layers 12, 16 may be formed of any suitable conductive 
material, such as aluminum, copper or a highly doped polysilicon. The material 20 is 
preferably formed of a non- conductive material which is relatively easily removed in a 
chemical-mechanical polishing or etching process. Most preferably, and as noted, the 
material 20 is a doped silicate glass, such as, for example, BPSG. 

In addition to the single Damascene method described above, a double 
Damascene method may be used to form a conductive connection. A double 
Damascene method for forming trench capacitors is described in "Dual-Damascene 
Challenges Dielectric Etch," Semiconductor International, p. 68-72, August 1999. 
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one disadvantage associated wi* the above-described fabricadon method is 
d,at sometimes the etched via 21 in the material 20 is o*et sUghtly reUtive to the plug 
M,. as shown in HG. 2. This most usually occurs in zeto overlap and/or negadve 
overlap fabricadon processes. -Dre etching of such an o»et via 21 creates an offset 
opening pordon 25 along d^e side of d.e conducdve plug M,. which during *e 
subsequent layering of *e conducdve layers 12, 16 may form an air gap 26 (PIG. 2). 
MdaUy, *e air gap 26 is reladvely smaU, but as the conducdve layers are deposited at 
elevated temperatures, dre gas trapped in *e gap 26 expands. The presence of a 
Sizable and expanding air gap 26 somedmes prevents deposition of, or causes a rupture 
^ a continuous conducdve layer 12 within dre opening 25, which in turn may cause a 
defect in Ae conductive connection 14. This is because dre conductive layer 12 is 
typicaUy formed by first depositing a seeding layer for subsequent conductor formation. 
When part of d.e seeding layer is missirrg, a void is formed in bod> d,e seeding layer 
and ti>e conductor which is formed above it. Furd.er, *e lack of a continuous 

. . hi^h^r resistance in the ultimately formed conductive 
conductive layer 12 may create a higher resistance m 

connection 14. 

One approach at aUeviating dus disadvantage is to utihze a different 
conductive material for dre conductive layer 12. Whereas aluminum or copper 
generaUy have been used for dre conductive layer 12 (PIG. 2), titanium, titanium 
nitride or tungsten may be used in a conductive layer 112 of a conductive connection 
114 (PIG. 3) of a semiconductor device 100. WhUe d,e use of such materials tends to 
pinch off d>e size of an air gap 126 formed in an offset opening 125, in instances where 
ti,e of^t is relatively large, d-e conductive layer 112 stiU may not be formed as desired. 
d.us creating d>e problems noted above. Furti,er, titanium, titanium nitride and 
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„, fonnea conducive co,.eccio„. w«cK ..y c«..c o<he. p.o..e.s. 

The. <hus odsts a need fo. a f^brtcated se^conducto. device which does 
not tend to form the oCfeet gap shown in FIG. 2. 

SUMMARY OF THE INVENTION 

patt of the via 21 fton, being etched along side of the plug M. . ThU is 
.con.phshedbv..bticad„Sasttnctuteinwhichaconduc.iveconnectotcon,pnsesa 

„„dncdvep.t.SPositionedw.th.an.snlatotandptovidedonasnbsttateco„nect.on 

..gio^anetch-stop^vetdepositedontheinsulatotandatoundthecondnctivepiug. 

^ intetn-ediate non-conductive Uyet having an etched via ovet the ping, a fltst 

. Arh fhe etched via and having a portion 
conducdve layet deposited in and in contact with the etched 

incontac. With theconducdvep.ng,andasecondeond„ctive.avetdepositedovet the 
..t conductive .avet.Theetchstep>a.tpteventsthevia.on,beingetchedalongthe 

Side of the plug during Via formation. 

According to another aspect of the present invention, a memory device 

11 n,av be provided with the just described conductive 
including at least one memory ceU may be provia 

connector. 

The present invendon aiso relates to a n,ed.od of n-aidng a senUcondnctor 
.onducdveconnector. Tire method incudes providing a «rst layer of dielectric 
n.ateria.onanintegratedc.cuitsubstrate.fomUngaconductive,ug™thind..s. 
aie.ectncn.ateriai,provid.ganetch.stopuyeroverthearstdie,ectric.ayerandaronnd 
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the conductive plug, providing a second layer of dielectric material over the conductive 
plug and etch-stop layer, etching the second layer of dielectric material to the 
conductive plug and etch-stop layer to form a via, and forming a conductive connector 
in the via in contact with the conductive plug. 

These and other advantages and features of the invention will be more 
readily imderstood from the follovmig detailed description which is provided in 
connection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an idealized cross-sectional view of a conventionally fabricated 
conductor connection in a semiconductor device. 

FIG. 2 is a cross-sectional view Uke FIG. 1 showong an offset via. 

FIG. 3 is a cross-sectional view like FIG. 2 showing another offset via. 

FIG. 4 is a cross-sectional view of a semiconductor device constructed in 
accordance with an embodiment of the present invention. 

FIG. 5 is a cross-sectional view of a semiconductor device constructed in 
accordance witH^another embodiment^f the present invention. 

FIG. 6 illustrates a method of making the device shown in FIG. 5. 

FIG. 7 illustrates a method of making semiconductor products in accordance 
with an embodiment of the present invention. 


Docket No.: M4065.0223/P223 
Micron No.: 99-0506 

FIG. 8 illustrates a processor- based system constructed in accordance with 
an embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Referring now to the drawings, where like numerals designate Uke elements, 
there is shown in FIG. 4 a semiconductor device 200 with a substrate 24 and a 
conductive connection 214 that may be formed by either the single Damascene or 
double Damascene methods. The substrate 24 can be made of any material typically 
used as a substrate in integrated circuit fabrication. The conductive connection 214 
includes the first and second conductive layers 12, 16. The conductive layers 12, 16 
may be formed of one or more of aluminum, copper, doped polysilicate, tantalum, 
tantalum nitride, titanium, titanium nitride and tungsten. The semiconductor device 
200 includes the material 20 surrounding the via 21. The metal plug Mi is embedded 
within a first insulator layer 230, for example, a BPSG layer, and a hard mask layer 228. 
The hard mask layer 228 may be formed of any material capable of withstanding the 
subsequent etching process described below, such as, for example, silicon nitride, 
silicon carbide, silicon dioxide, or BLOK® (a mixture of silicon nitride and silicon 
carbide). 

If the hard mask 228 is formed of, for example, silicon nitride, a plasma etch 
using CF4 or CaF^ as the etching gas may be utilized to form the via 21. When either 
of these etching gases reacts with the BPSG material 20, the oxygen contained within 
the material 20 is released and will react with the carbon in the etching gas to form 
carbon dioxide and desorb. However, when the etching gas reacts with the silicon 
nitride, there is no oxygen in the film, so a polymer containing carbon is formed. The 
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polymer slows down or stops the etch of the silicon nitride, particularly, when the 
carbon to flourine ratio is high. 

The result of this etching process is that etching of the insulating layer 20 to 
form the via 21 will stop at the hard mask 228 and the formation of an offset opening 
like the offset openings 25, 125 shown in FIGS. 2 and 3 will be prevented. 
Accordingly, as shown in FIG. 4, the via 21 etching stops at the top surface of the 
conductive plug Mj and mask 228. The layers 12, 16 can then be fabricated in the via 

21 and the conductive connection 214 can be used to connect the doped region 22 to 
other portions of the partially illustrated semiconductor device 200. 

Next, a method of forming the conductive connection 214 (FIG. 4) will be 
described with reference'^to FIG. 7. At step 400, the insulator layer 230 and the hard 
mask 228 are deposited on the substrate 24 containing the doped region 22. The 
doped region 22 may be formed by way of an ion implant. Further, the doped region 

22 may serve as an active region in a memory cell, such as cell 513 (described below). 
It should be noted that the doped region 22 is merely illustrative of just one point on a 
substrate where an electrical connection is needed. The conductive connection 214 
can be fabricated wherever a conductive path is needed. An opening is formed in the 
insialator 230 and the hard mask 228 layers at step 405. The opening is preferably 
formed through the use of a photoresist and masking, followed by one or more 
anisotropic etching steps. The opening alternatively may be formed through 
mechanical or laser drilling. After stripping the photoresist, conductive material, e.g., 
polysilicon, is deposited over the insulator 230, including in the opening, and is 
chemical-mechanical polished (CMP) to form the conductive plug at step 410. 


_g_ Docket No,: M4065.0223/P223 

Micron No.: 99-0506 

The planarizing process causes the top surface of the etch-resistant layer 228 to be 
co-planar with the top surface of the conductive element M^. 

An insulating layer 20, e.g. BPSG, is then deposited on the insulator 230 
(step 415) and the via 21 is subsequendy etched into the insulating layer 20 (step 420). 
The etching of via 21 is preferably accomplished by laying a photoresist over the 
material 20, exposing and developing the phtotoresist to mask a portion of the material 
20 that is not to be etched, and then etching the via 21 in the unmasked region. As 
noted, the hard mask 228 is formed of a material which is relatively resistant to the 
etching chemistry, and hence acts as an etch stop so there is littie or no etching below 
the top level of the conductive plug M^. The first conductive layer 12 is then deposited 
at step 425 and the second conductive layer 16 is deposited on the first conductive 
layer 12 at step 430, thereby creating the conductive connection 214. 

FIG. 5 shows a multi-step semiconductor device 300 having a conductive 
connection 314. The multi-step semiconductor device 300 has a greater conductive 
surface area which can be used to form container capacitors, usefiil, for example, in a 
memory device. A via 121 is etched above the metallic plug Mi in several steps to 
create via portions 122 and 123. The via portion 123 has a greater diameter than the 
via portion 122, allowing the deposition of more area of first and second conductive 
layers 112 and 116. If capacitors are formed in the FIG. 5 via portions 122 and 123, 
then the conductive layer 112 is replaced by a three layer structure formed of a 
conductor layer, a dielectric layer, and another conductive layer, as is known in the art. 

Referring now to FIGS. 6 and 7, to form the semiconductor device 300 
(FIG. 5), the via 121 is etched in several steps to form the via portions 122 and 123. 
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Specifically, a layer of the material 120 is deposited over the hard mask 228 and the 
plug Ml (step 410). After laying down a photoresist 130 and a mask 132, photoresist 
130 is partially developed, and the developed portions and the mask 132 are removed 
and the remaining photoresist 130 is stripped. The via portion 122 is then etched at 
step 415. A second layer of photoresist 130 is then deposited. A second mask 134 is 
utilized to develop a portion of the second photoresist layer 130. The developed 
portion is removed as described above. Further the mask 134 is removed and the 
remaining photoresist 130 is stripped. The via portion 123 is then etched at step 435. 
After the via portions 122, 123 have been formed, and the photoresist 130 and mask 
134 have been removed, layers 112, 116 (w^hich are similar to the layers 12, 16, 
respectively) are deposited in the via 121 (steps 425, 430). 

Referring nov^ to FIG. 8, a device constructed in accordance with the 
invention can be used in a memory circuit, such as a DRAM device^ 12, or other 
electronic integrated circuit, within a processor- based systepa:^00. The processor- 
based system 500 may be a computer system, a proce^^ontrol system or any other 
system employing a processor and associated meinory. The system 500 includes a 
central processing unit (CPU) 502, which rrfay be a microprocessor. The CPU 502 
communicates with the DRAM device^l2, which has cells 513 that include the 
semiconductor device 200 (or the^miconductor device 300), over a bus 516. The 
CPU 502 ftirther communicat6s with one or more I/O devices 508, 510 over the bus 
516. Although illustratejias a single bus, the bus 516 may be a series of buses and 
bridges commonly u^ed in a processor- based system. Further components of the 
system 500 mav/include a read only memory (ROM) device 514 and peripheral devices 
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such as a floppy disk drive 504, and Q£)-R0M drive 506. The floppy disk drive 504 
and CD-ROM drive 506 communicate widi the CPU 502 over the bus 516. 

The present invention provides a semiconductor device which does not 
suffer from the aforementioned disadvantages caused by an etched area to the side of 
the conductive plug M^. The present invention further provides a method for making 
semiconductor devices without forming air gaps in trenches offset from a conductive 
plug. 

While the invention has been described in detail in connection with 
preferred embodiments known at the time, it should be readily understood that the 
invention is not limited to such disclosed embodiments. Rather, the invention can be 
modifled to incorporate any number of variations, alterations, substitutions or 
equivalent arrangements not heretofore described, but which are commensurate wdth 
the spirit and scope of the invention. Accordingly, the invention is not to be seen as 
limited by the foregoing description, but is only limited by the scope of the appended 
claims. 

What is claimed as new and desired to be protected by Letters Patent of the 
United States is: 



